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This report is anevalucition ofa.n. earthprobe.aIitenria·forrnedbycori-

ne<:;ting ·receiver_lnput .tertnillals t6ele'ctrodesin the~{roU:nd343Il)eiersapart.

Regeptic;mof ·coheterice'andsferic~ignalsonthiSantenpa:atif;e4ueIlci~abeldV/.
- . ..... , -.,..

50kc} s was cornpared wi.th thatteceivedop horizoIltal overhea.daritennas •.

higb.erthan thesigrialta~enfrornthegtound probeantetma~ the higher ·signa.l

tOhoise ratio of thegrourid probe antenna indicated-Us potential use in the

VhF range.

iv



The measurements described in tr.i~ report we,re undertaken for the

purpose.of stti!fyingthe properties of·.anantetmaformed.1:>ygrounding the·

. .

As used,· the lead wireswereb£tried ctdewincnesin the ground.
, . . . . -

- ,:

Thes.ignaLre<::eivedo.Ilthis aIltenna-v.'1is tompareQwith that received.
. , ' . - . ,', -,

.. --

On horizon.tal overhead··anten~~;asusiIlg severq.L arrange(~lehtsco:£·lheconIleC..

tions to theoverhead-wi-res-.--

. - . .

Signals froni several radio stations .wereu.sed in. 'thek.Hocyclerange.

At lower frequenCies, it was necessary to depend on sferi:cs· to provide a

squrce for comparilion.

The antennas. as used, were electrically short. Short dipoles or

monopoles become more efficient as the frequoency is increased if the ar;ltenna

1,2,3
impedance is matched to that of the receiver. No attempt was made

to match impedances since the results sought were primarily: comparisons

of the voltages present at the antenna terminal. The signals from the earth

probe and overhead systems were measured.·by the use of identical narrow

band receivers with input impedances large as compared to the antehnq.

systems impedance.

In addition, many choices of the configuration can be made of the

overhead systexn, used as a reference-. Several possible arrangements were

studied and the effect of changes in height above ground were observed.

-1-



On· the basi~ of these. studie~two reference.arrangep).e):.its wer¢'used These

were a.6ente :-fed dipole •and an end fedmonopole'Nhoseleng}hwa.sohe hcl.lf,

. the length ofthedipoiea.t va.rious .heights :abbve~hegroundtipto8i:neters;

forkilocycl~transmitttI'lgstati~.ms.A. standard height of- 6>.' meterswcis;
. ~. . .

chosenfortnestudyofttie natural aIldrhaIl-made~oise.

Forseve:ral yea.rs thisLaboratoryha~observed the voltage varia-

tions between' electrodes spaced 343 meters due to natural earth currents

.... . 4
both in the N!:U"th-South and Ea.st..West directions. The frequency range of

interest in these tests was primarily below l(} cps. For tl1epll:rpose of

these studies, an electrode was developedma.de up of acadmi\lm rod ina

solution of cadmiuIn .chloride. A slightly po.rbusconta.iner provided excellent

ground contact. The electrodes were placed approxima.tely· one meter belo.w

the surface of the ground.

For the antenna studies described in this report, t1il.e North-South' path

electrodes were used. RG62/U coaxial cable was buried a few inches on a

line between the probes with the center conductors used as the lead-in wires

from t.lte probes to a differential preamplifier at the midpoint between the

grounded terminals. The outer conductor of the coax was used as a shield

and was grounded to the preamplifier. A coaxial cable was used to bring

the signal from the preamplifier to the receiver in the lab()ratoryapproximately



3

200·mete£s!ron;. the prearpplifie:r ..•th¢but~r conductor ofthe cablew~s

grou-11ded at the preamplifier and a.t the receiver .

Thes{gnal picked tip on unshielded,bl.ll'ied wir~,s wasexarninedby

useofNo'.14'solidAWO· ;Wite. p~.J:;al~elingthelea.ds:t'rbmtheelectrodestd"

. tnepreamp.!ifier. The signal to noise ratio on the unsb.ieHfedburiedwi;res

was inferior to that of the shieldedofies. FO:r

condtit tors were .useqiri. thec()ttlPC;l.risonJests,'

Ill. OVERHEAb ANTENNA SYSTEM

The overhead antenna system CbIisistedof tWb co~linear, 170 meter,

hbrizontal wires mbunted on poles in such a manner that their height above

groundcouid vary from the ground I;evel to eight meters. These wires were

pa.rallelto and apprbximately 20 feet east oftheea.rth. current path. Two

basic connections to these wires were used throughout the measurements ,

and the signal from each was comF>ared with the earth proOeantcnna signals.

The' arrangements used were a.s follows:

1. A center fed dipole forme'd by connecting the two

overhead wires to a preamplifier at the center of the path.

This preamplifier was raised and lowered with the antennas.

The other ends of the wires were not grounded.

2. A monopole formed by cbIinecting the one end of

one of the overhead wires to the preamplifier with the othe



.pream.plifier tei-rninatgto\ll'lded~- 1,'his arl'a,ngem.~iitrnight.

bebonside:red asa top -loaded"ter t.icai antenna.

Various other arrangements were exa-rnined but the tWQ listed above were.-

.selededfol'thecomparison s t\l.d.Yi

·IY.

Th~ receivers were essenliallytuned:"oltrnelers vvith very high

input impedance. No. attempt was ma<!e to match the system input to the

anteIlIla impedance. The radiation resistance of the antennasysterns was

very low (much less than 0.1 ohm) as compared tdthe resistancedfth·elead

wires (approximately 0.6 ohm). The principal impedance of the overhead

antennas was the self reactance which was frequency sensitive, increasing

with decreasing frequency. In aU cases, this ·irnpedance was much less than

that of thereceiversystern.

The impedance of the ground probe system was essentially the dc

resistance of the wires, probes, and ground path, and as such, was much

smaller than that of the overhead wires.

A biockdiagram of the two receiving systems is sl:lown in FiglU"e 1.

The salient features of-the systems are described sch.ematically andgraphi-

cally. Although the signal flow is straightforward, there are some fe.atures

that warrant a brief discussion.

Cathode follo'N;ers which incqrporated low frequency feedback were

used in the front end of the air antenna receiving system. These preamplifiers
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Vtlcered~tsigned to have espei::ialtygoodnois.efigures when,-opetating with-

. . ~

large values ofinput impedance. The system noise for boththeaira.nci
". . .

.earth antenna systems was. then completelynegligibTecol1:lparedto tne reo:'

cei'Ved sign-als -. 'd~l"ingth~: entir~ -rn~a:s'u remeIllprogram ... -Th'et~iri•.-T £lIters

were<us¢d toreject the 60 cps pickupop: the airant¢rma. When>operating

thesysteni -atfrequ~hcies al:>Ove2000 cps additionalatfei'luatioriof 60 cps'

and itsrnajor ttarm.oniesvVaspf()videdhy th~ .high pass filter. Rej.ectioh of

these power line frequencies was necessary to prevent saturation of the

input amplifiers in tne Hewlett-Packard wave analyser. When operating

the system belowZOOO cps where it .wa-snot P6ssible to use the high pass

filter. the measureme·nts of the spheric activity .were restricted to those

frequencies lying between the harmonics of 60 cps.

Due to the_low imri.edance of theQ:roundDath_bet.ween__the~Drohes of
I; ~.. ...-

the earth antenna. it was not. nec:;:essary to use the cathode follower pre-

amplifiers in order to obtain an acceptable noise figure for the receiving

system. The earth antenna was also observed to have somewhat less power

line interference than the air antenna; however. some rej ection of the 60

cps fundaniental was required.

The block diagram of the lIewlett-Packard model 3Q2 A wave analyser.

shown in Figure 2. is self-explanatory. The,.two attenuators provided L4Q

-db attenuation in 10 db steps. The dynamic range ofthe. instrument on any

selected setting of the attenuators was approximately 30 db. The narrow
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banQ.width·.•·(6cps'equival~ntn()ise··handv/ldth);was-()btained:bya' Sirfg1ecrystal.

filter. Those frequenCies whichlaywitbinthe passband were' reccmstru.cted;

. . .
and-am plifiedasshown.

't;lteg~ati'oh Intervarsvarle,dtr6tnlO tq 30' sec6ndsfd:Fmost c"w,·~

signals and fiom 30J050seconds for sfericsignilLs. The overall senf;ltivity
. -. ..... . .. '

bf'the ..·receiving systemfor"saJisfact(>ry operation orth~'iIitegI'atorwas·,"O.ZO

microvglt input.. l'heinteg'ratoro\ltptjtwascalibra-tedin RMS.values by

applicatiollofa s~tlglefrequencyvoltage' of known magnitude to the wave -

analyzer input.

V. EFFECT OF HEIGHT OF OVERHEAD ANTENNA ABOVE GROUND

A. Monopole

T,he signal re'ceived on the end-fedantennawa-s-compared

to that received on the ground probe antenna fo.r a number of heights between

ground level and. eight meters for the five freqliencies received from the

transmitting station listed in Table 1. These data are plotted in Figure 3.

For each of the five stations J the signal voltage from the

monopole increased with elevation. Their relative levels were frequency

dependent as shown in later curves J but the general shape of the graphs can

be approximated by straight lines passing through the origin.
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······B.

-.~'j,~-:f-"-::>.- <":::--:[:-~-=:--

. The proce:du':re de sc;:ribed under A was'-r:ep1fi1-t'f~('B6u:t-~iththe.
. - .'.-. - -'- - -~ ;';':-0:.;::":

c ." • . '. -->'_~~':'<-::~-3-<',::j-=c-~

dipole antenna used instead of the monopole; .There~_ult-~-}8iiYij·ptestCi.re
:..::0.',':.',>':"-

sh~~n in<Figure4.-It tilaybeseen Ui~t.Jnlil<~I6r th&~~lb~~tenna., the·
• .'c- •._~.,.--_,;:

;.......','-__ c- ..-_--;,.: .. ; __ ~_.

1:ion was on.enieasurementat 19.8kcoftbma stationfft'Wa. 4i:I'~~tion perpendic\ll<lr

to the line of the antennas.

G. Discussion

The primaryheig,ht gain val'iatiolls ofthe two overhead an.,.

tennas as compared to the earth probes , appears to be associated with their

response to vertically and horizontally polarized. waves. A perfectly balanced-

norizontaLdiJ;2Qle should resPQlld only to the hori~ontal cornponentofan

incident electromagnetic wave. Ahorizontai end fed monopole will,however.

responCi-"to-both vertical and. horizontal electric field components. It is

evident from the line.ar height gain relation ()f the monopole anten:na (F1i/,5ure

3) that the incident waves had a large veli'tical component and that the output

of the antenna is the integrated electric field from the ground to the antenna

height.

The height· gain relation of the horizontal dipole is so-newhat

more involved. It is reasonable to expect th'at in the absence of tile antenna,

and at the frequencies in question, the horizontal component of the electric
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fieldwbuld'be uniiormfI'omthegroundtIPWardoveradista.nceof8tnet~1"3,

TheQrese~c~ oLUleconducting ant~nnapertttrbstheelectrh::field in such

a manner as to r~dticeits,-,:aluealortgthelengthorth~'antenna. However

the preseIlCeof thearitertria has Httle'effect6nthe intensity 6ftl-'.eeleclfic

fi~rdin tn~ conducting earth.yThetefore" th~proximityofthe>~~p.ductiV~,,<;.',

ea:~th produces a voltagedifferen~'e.betVleen theends'ofthe'diE~f~·asa.

res~lt' ofthe capacitive coupling oftheseencls to theearthbel<ii~c.

inverse manner with height and is suggestive,of the height galnpefformar;ce

of the horizontal dipole antenna.

Table 1

VLF T.rarismitting Stations

Frequency
kcps Identification Location

Approximate
Distance

from Antenna km.

Approximate
Direction

froIn Antenna

14.7 NAA

18.0 NBA

18.6 NPG

19.8 NPM

22.3 NS~

Cutler, Maine 3000

Summit, C. Z. 3000

Jim Creek, Wash. 2950

Hawaii 7300

Annapolis, Md. 2100

Nlt:

SE

NW

wsw

NE



VI. SlGNAL-TO.-NOISEIlATIQS

Sigl1al:-to-nois·~.ratios were rneas~J:"edatinterval$during several

of the heightrun~ using the radio station transmissionsassour<:es.·· The

signaL-to~·noise rat(os weJ:"eohtain~d·fbrun.tlloa.:ulM~·a.Sighals.·The~·igrtal­

tl\ '"'ccQiseratib for the locked-key transrnissic:mis shbwn in Table 2 • Fbr
. .

·nea,~ly all,qf theval·ioussampfes~kep.andshowri.intheta.ble.·· the signaL-

t6"noiser~tiowa$'high~J:"for the g1'<;>litid:probe·antenna..than for th:e.overhe,ad

antenna.

The signal-to-noise ratios a:te(l~")endent, of course, on the direction

~ -

"' ...· ... 'u:::u of the signaibeJiig rneasl.lJ:"¢,f!!£' Since the predominanttall.gentic:lJ

-

electric field is that associated with the tilt of theverticaily polarized field,

the earth probe antennas have maximum response for a wave traveling. along

the line eetween the probes. The dipole -anteib."'la-responding t,o thehorizon.tal--

component of the field will also have maximum response to a wave traveling

in the direction of the antenna wires, but its response to the vertical com-

ponent due to unbalance of the two halves wiH be omnidir~ctional.

monopole will also be omnidirectional in its ·response to the vertical COmlQj

nent of the field.

This effect is noticed in a comparison of thesignal... to-noise

the 19.8 kcps station to the other stations. The location of this station was

in a directiol1 perpendicular to the antenna line, whereas the other stations

were oriented at apPl"oximately 45°. Since the earth probe re.sponse is



Connections

nld~rl::i ht.
Dipole
Earth Probes

1 meter ht..
Dipole
Earth Probes

Signat:..to-Noise RahostJsihgC. W. Signa;ls

i.f...,......·....,·:.---......._-..~j,&llg;;Jnw.• ~&.ilr...:-:..r.:8~9.:71.eG\:.QI :::b
I

33
43

31
47

6 meters ht.
Monopole
Ear th Probes

1 meter ht.
Monopole
Earth Probes

!

I
L

42
44

40
47

40
45

37
44

32
18

N>S
N >S

43
44

40
47

- - indicates no data obtained.

N > S indicates signal-in-noise.
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minim.ized intheclirection'of the 19.8]icps ~tation. gssign~L-to-nbiseratlu

for thi$ .!3tation is' fbwertlian that of fheoverheadaritexma.cWiththe better. -

0:rieritati6n of the earth antenna for the other. stations , its signal-te-noise

ratioisc()ns'is'tently higher than for

vu. StGNALS.TRENOTH -"-FltEOtJENCYSPECTRA

'Thevoltageappearingai theterminaI$o£ theearthproh¢ antenna,

and the voltage at the terminal of One of the overhead antennas VII.ere measured

l'3iI"?\llta.neo\1sly by the system. shown in Figure 1.

The voltages measured were those resu:rtiri.g;.:from 'natural and man-

made sources, and the shapes of the spectra are a function o~ the sources,

the propagation path, local interference, and the response oft/:leantenna.

is not a simple one. Typical results will be presented in thiss~H:tionand

disc\lssion of them will be given in the next section. Figure 5 shows the

variation of antenna terminal voltage for the earth probe antenna and for the

dipole for bequencies from 20 to 50,000 cps: In Figure 6, the ratio oJ these

voltages is given in db.

In Figures 7 and 8. similar curves are presented for thernonopoie.

The dual curves shown for the higher frequencies resulted from sudden

changes in the level of activity occurring duting the period of observation.

These data were taken d\lring daylight hours.
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Vtrt .. bISCUS$ION .

. .

--IhVLF transmtssl<imQ;erareasonauiygood -::;o'rfQ.uCtiYeearth-,4h.e
. ,',:" :'- :.:::-~,-:},: --",' " '- ".' .' -----.-

- ,-""

/pl:'~dominantPotari.~~tioIl{)_f.tI'f~elec~ri<:fieldwitt};H.fn.oi-rnal to the earth.

polari.ze~e-I:ed;ricfield will .exist .. This. component willi:>.e, ·in·the·direc:tion
. .

d£pr6,pa~atiOfi~of the wave. The nionopoleantenna will respond to the yert1:-

cal compohentofthe electric field arid the.dipoleandeadi(prObe antehfias<

'.

will respond tathe hol"itorttal component. The ind~cated()utput0f the· monO ..

pole will be'the integrated electric field fr0!!1 the ground to the antenna. height.

The -indicated output of the dipole, if balanced, will be the integratedho1"i-

zontal field.along.thedipole.

In the curves shovmin Figures 5 through 10, no account wa.s made.

for the difference in impedance between the earth and'air antenna sys teq),s.

This was not dee;:nednecessary since in ail ,eases sufficient voitage was

available at the ~ntenna terminals to completely ovel-ide the system noise.

Quoted signal.. to-noiseratios arernade only for the cases of.coherent

signals in the presence of incoherent noises 'originating external to the

measuring apparatus and theantertnas.

Although Figures. 5,.7, and 9 show that the output voltage of the

overhead systems is C0l1.sistently higher than that of the earth probes under _

most conditions, the voltage output of the <antenna system shouid not be

regarded as the sole criterion for evaluating tb.e system. The signal-to-

noise ratio would appear to be a very irnpol"tant fact<:> l' inj;his evaluation.



Theh;ghersignal to noiset~tioof thee:a;plhpt9D¢ outpiH vvoil1dappeartb

be due to thefacfthat the tra113missiQntnQdesf'or th~ noise are different

,from. those of thestatiQnsignals.

In v{ewofthehigher signal~lQ-ri:Qfsera.li9~obtain,edwithtp.eeatth

prob'e alltenhaascom.pa"redtothe Qverneadantenna.,it is concluded: that

this system is superior for many application to the overhead system.
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